Abstract-Impedance matching of the drift straw tube and the amplifier influences the signal to noise ratio, which, in turn, determines the coordinate resolution of the detector, the minimal threshold, and the minimal gas amplification necessary for efficient signal registration by the detector. Five impedance matching schemes for the straw tube detector with a length of 2.5 m are studied. It is shown that ENC = 4000-5000 electrons for C det = 20-30 pF, which is good from the practical point of view, is achieved using the simple resistor connected in series to amplifier at the open far end of the straw tube.
INTRODUCTION
For modern "trackers" (coordinate detectors of charged particles used in high energy physics), a spa tial resolution on the order of 100 μm is required. Cur rently, thin wall drift straw tubes are widely used in creating trackers. For obtaining such a high resolu tion, many different factors should be taken into account, including the impedance matching quality of the drift straw tube and the amplifier. The choice of the impedance matching scheme influences the sig nal to noise ratio and determines the spatial resolu tion of the detector and its operation regime: the min imal working threshold, minimal gas amplification, and working voltage of the detector necessary for effi cient signal registration. Let us demonstrate this using the particular example of straw tubes with a cathode diameter of 10 mm, an anode wire diameter of 30 μm, and a tube length of 2.5 m.
The straw tube should be considered as a long line with distributed parameters L and C (L = 1.2 μH/m, C = 9.5 pF/m) with rather high characteristic imped ance, R c ~ 350 Ω. To prevent signal distortion in the line, it is necessary to match the impedances of the load on both ends of the line with its characteristic impedance, i.e. on the near end (the amplifier side) and the far end (the opposite side). A high resistance of the thin anode wire (tungsten + 3% rhenium) equal to ~120 Ω results of the frequency dependence of the impedance of the line, which complicates matching quality, results in coordinate dependent signal loss, and essentially increases the noise. It is shown in this study that due to the reflection from the ends of the long line, the equivalent noise charge (ENC) growth is essential in the case of incomplete impedance match ing at the near end rather than at the far end. The best impedance matching scheme is that using the active element (transistor) or, so called the "cold" matching scheme. However, it is shown in this study that imped ance matching using the resistor, or so called the "hot" matching scheme at the near end, together with the open far end (line discontinuity) insignificantly increases the ENC with respect to the cold matching scheme.
ELECTRONICS
In modern trackers with straw tubes, the number of channels reaches several thousand; at the same time, there is no microchip specially designed for the straw tube detector. In this study, the results of ENC measure ment obtained for five impedance matching schemes connecting the straw tubes and the CARIOCA chip [1, 2] are discussed. The CARIOCA chip has been devel oped for the multi wire proportional chambers and it has a low input impedance, R a = 50 Ω. The CARIOCA is 8 channel chip; each channel has a charge sensitive preamplifier at the input (the first preamplifier is the working one and the second is the "floating" or dummy one); then differential cascades of the main amplifier, base line restorer, and LVDS driver follow. Figure 1 shows the block diagram of one channel of the CARI OCA chip, and Fig. 2 shows the schematic diagram of the preamplifier in the CARIOCA chip.
The preamplifier integrates the current pulse from the detector, transforming the charge into the voltage pulse at the input of the main amplifier. The main amplifier differentiates the received signal and com pensates the long "tail" of the input signal caused by the drift of positive ions in gas (zero pole cancella tion), which provides close to a CR RC 2 shaping of the short pulse with a peaking time of ~12 ns. This is necessary pulse shaping for high rate applications of PHYSICS OF PARTICLES AND NUCLEI LETTERS Vol. 8
No. 1 2011 the order of ~1 MHz/channel. This specific feature of the CARIOCA chip is very important for trackers based on straw tubes operating at rate about 1 MHz/straw, because the physics of signal develop ment in the straw tubes is the same as in the multi wire proportional chambers.
Five impedance matching schemes were tested. For the first group the 16 channel CARDIAC board taken from [3] was used. Two CARIOCA chips and one DIALOG chip are mounted on this board. The DIALOG chip is able to count pulses in each channel in a given time interval, for example, 1 s. This specific feature was proposed in [4] for the reconstruc tion of the noise distribution and measurement of the equivalent noise charge.
For the second group two new boards: 8 channel CARIOCA_hot and 8 channel CARIOCA_cold were designed in order to equip the straw tracker prototype for beam tests.
Known publications concerning the CARIOCA chip are incomplete [1] . For this reason, it was neces sary to measure the charge sensitivity and estimate the noise characteristics of the CARIOCA chip. The latter has been performed by fitting the measured charge sensitivity of the preamplifier versus the detector capacitance using formula (1): (1) Here C det is the detector capacitance; C in is the para sitic capacitor, e.g. the diode bridge protecting the input of the amplifier against a possible discharge in the detector; C f and R f are the feedback capacitor and resistor, respectively; A is the voltage gain at broken C f ; Filter indicates here the following stages, see Fig. 3 .
The charge sensitivity equal to S(0) = 18 mV/fC for the zero detector capacitance (neglecting C in ) and the voltage gain equal to A = 2700 were found as two free parameters by fitting sensitivity measurements at vari ous C det . From these results we have found C f = 55 fF and for transconductance g m1 = 30 mA/V for the first transistor in the CARIOCA chip, taken from [1], we 
